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SNR IMPROVEMENT CIRCUIT,
SYNCHRONIZATION INFORMATION
DETECTION CIRCUIT, COMMUNICATION
DEVICE, SNR IMPROVEMENT METHOD,
AND SYNCHRONIZATION INFORMATION
DETECTION METHOD

TECHNICAL FIELD

The present invention relates to an SNR (Signal to Noise
Ratio) improvement circuit, a synchronization information
detection circuit, a communication device, an SNR improve-
ment method, and a synchronization information detection
method.

BACKGROUND ART

Generally, in packet-type communication, a receiving-side
device does not grasp when a transmitting-side device will
transmit a packet, namely when a packet will arrive at the
receiving-side device. Hence the receiving-side device needs
to stand by for a packet to come, and detect a packet out of
signals received during the standby. Further, in order to
appropriately perform a variety of processing on the received
packet, it is necessary to perform a variety of processing in
synchronization with a configuration of the packet. Such syn-
chronization is performed with respect to each received
packet, namely every time a packet is detected.

For example, Patent Document 1 describes a symbol tim-
ing detection circuit for an OFDM (Orthogonal Frequency
Division Multiplexing) demodulator.

PRIOR ART DOCUMENT
Patent Document

Patent Document 1: Japanese Patent Application Laid-
Open No. 11-145931 (1999)

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

In the packet communication, when the receiving-side
device is unable to appropriately receive a packet, it destroys
the packet and stands by for a next packet to come. For this
reason, the communication efficiency is low when a packet
detection rate (also referred to as a packet catch rate) is low,
and it has thus been desired to improve the packet catch rate.

Especially when the sensitivity is low, namely when an
SNR is low, the packet catch rate is low.

An object of the present invention is to provide a variety of
techniques which are capable of improving a packet catch rate
when applied to a communication device, for example.

Means for Solving the Problems

An SNR improvement circuit according to a first aspect of
the present invention is an SNR improvement circuit for
improving an SNR of an input signal, the circuit including: a
delay unit for delaying the input signal to generate one or
more delay signals; and an adder for adding the one or more
delay signals and the input signal before being delayed,
wherein the input signal contains a periodic signal in which
the same signal is repeated a predetermined number of times
with a predetermined period, and the delay unit generates the
one or more delay signals with delay time which is o times (.
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is a natural number, and is set at different values with respect
to two or more delay signals) longer than the predetermined
period.

Further, an SNR improvement circuit according to a sec-
ond aspect is the SNR improvement circuit according to the
first aspect, further including an amplitude adjustment unit
for making amplitude of at least one signal out of the input
signal before being delayed and the one or more delay signals
P times larger (f is a positive number, and is set at respective
values with respect to a plurality of signals), wherein the
adder performs addition on the at least one signal by use of the
signal after the amplitude thereof has been made § times
larger in the amplitude adjustment unit, and the { is set at a
value which can alleviate fading in a result of the addition in
the adder as compared with a configuration not including the
amplitude adjustment unit.

Further, an SNR improvement circuit according to a third
aspect is the SNR improvement circuit according to the first
aspect, wherein the one or more delay signals are a delay
signal of the a=1 and a delay signal of the a=2. Further, an
SNR improvement circuit according to a fourth aspect is the
SNR improvement circuit according to the second aspect,
wherein the one or more delay signals are a delay signal ofthe
a=1 and a delay signal of the a=2.

Further, an SNR improvement circuit according to a fifth
aspectis the SNR improvement circuit according to the fourth
aspect, wherein the at least one signal processed in the ampli-
tude adjustment unit is the delay signal of the a=1, and the
[p=4 is set with respect to the delay signal of the a=1.

Further, a synchronization information detection circuit
according to a sixth aspect includes: the SNR improvement
circuit according to any one of the first to fifth aspects; and a
synchronization information detection processing circuit
which performs processing for detecting synchronization
information on the input signal from a result of addition by the
adder of the SNR improvement circuit.

Further, a communication device according to a seventh
aspect is a communication device for performing communi-
cation by use of a packet having in a synchronization header
a periodic signal in which the same signal is repeated a pre-
determined number of times with a predetermined period, the
device including the synchronization information detection
circuit according to the sixth aspect, wherein the SNR
improvement circuit inside the synchronization information
detection circuit operates, regarding a reception signal con-
taining the packet as the input signal, and the synchronization
information detection processing circuit inside the synchro-
nization information detection circuit performs detection pro-
cessing for the synchronization information on an output
signal from the SNR improvement circuit, to output a syn-
chronization timing signal of the packet in synchronization
with the timing for detection of the synchronization informa-
tion.

Further, an SNR improvement method according to an
eighth aspect is an SNR improvement method for improving
an SNR of an input signal, the method including: delay pro-
cessing for delaying the input signal to generate one or more
delay signals; and addition processing for adding the one or
more delay signals and the input signal before being delayed,
wherein the input signal contains a periodic signal in which
the same signal is repeated a predetermined number of times
with a predetermined period, and in the delay processing, the
one or more delay signals are generated with delay time
which is a times (. is a natural number, and is set at different
values with respect to two or more delay signals) longer than
the predetermined period.
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Further, an SNR improvement method according to a ninth
aspect is the SNR improvement method according to the
eighth aspect, further including amplitude adjustment pro-
cessing for making amplitude of at least one signal out of the
input signal before being delayed and the one or more delay
signals §§ times larger ( is a positive number, and is set at
respective values with respect to a plurality of signals),
wherein in the addition processing, addition is performed on
the at least one signal by use of the signal after the amplitude
thereof has been made f§ times larger in the amplitude adjust-
ment processing, and the {3 is set at a value which can alleviate
fading in a result of addition in the addition processing as
compared with the case of not performing the amplitude
adjustment processing.

Further, a synchronization information detection method
according to a tenth aspect includes: each processing in the
SNR improvement method according to the eighth or ninth
aspect; and synchronization information detection process-
ing which performs processing for detecting synchronization
information on the input signal from a result of addition by the
addition processing of the SNR improvement method.

Effects of the Invention

According to the first aspect, in an output signal from the
adder, a periodic signal portion is amplified as compared with
in the original input signal. On the other hand, since noises
contained in the input signal are random and phases thereof
are not uniformed, amplitudes of the noises are not uniformly
amplified. Hence it is possible to improve an SNR of the
periodic signal portion. Furthermore, since an SNR improve-
ment effect can be obtained by such simple processing as
delaying and addition, it is possible to provide the SNR
improvement circuit at low cost.

According to the second aspect, when there is a frequency
error, a decrease in SNR due to fading can be prevented.
Furthermore, since the SNR decrease preventive effect can be
obtained by such simple processing as amplitude adjustment,
it is possible to provide the SNR improvement circuit at low
cost.

According to the third and fourth aspects, it is possible to
obtain the SNR improvement effect balanced with a delay.
Further, since two kinds of delay signals may only be gener-
ated, it is possible to simplify the configuration of the delay
unit.

According to the fifth aspect, since the amplitude adjust-
ment is performed only on one delay signal, it is possible to
simplify the configuration of the amplitude adjustment unit.
Further, by setting of f=4, amplitude adjustment can be per-
formed not by multiplication but only by shift computing, and
hence it is possible to make the circuit scale small.

According to the sixth aspect, since the detection of syn-
chronization information is performed on the signal with its
SNR improved, it is possible to obtain high detection accu-
racy as compared with that of a configuration not having the
SNR improvement circuit.

According to the seventh aspect, the synchronization
header can be detected with high detection accuracy, a prob-
ability for detecting the packet out of the reception signal,
namely a packet catch rate, is high. This can result in improve-
ment in communication efficiency.

According to the eighth aspect, in a signal after the addition
processing, a periodic signal portion is amplified as compared
with in the original input signal. On the other hand, since
noises contained in the input signal are random and phases
thereof are not uniformed, amplitudes of the noises are not
uniformly amplified. Hence it is possible to improve an SNR
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of the periodic signal portion. Furthermore, the SNR
improvement effect can be obtained by such simple process-
ing as delaying and addition.

According to the ninth aspect, when there is a frequency
error, a decrease in SNR due to fading can be prevented.
Furthermore, it is possible to obtain an SNR decrease preven-
tive effect by such simple processing as adjustment of ampli-
tude.

According to the tenth aspect, since the detection of syn-
chronization information is performed on the signal with its
SNR improved, it is possible to obtain high detection accu-
racy as compared with the case of not adopting the SNR
improvement method.

Objects, features, aspects and advantages of the present
invention will become more apparent from the following
detailed description and the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram giving an outline of a communi-
cation device according to a first embodiment.

FIG. 2 is a diagram giving an outline of a packet configu-
ration according to the first embodiment.

FIG. 3 is a block diagram showing constitutional examples
of'atiming detection processing circuit and an SNR improve-
ment circuit according to the first embodiment.

FIG. 4 is a waveform diagram exemplifying a correlation
computing result in the case of the SNR improvement circuit
not being present according to the first embodiment.

FIG. 5 is a waveform diagram exemplifying a correlation
computing result in the case of the SNR improvement circuit
being provided according to the first embodiment.

FIG. 61is a block diagram showing a constitutional example
of an SNR improvement circuit according to a second
embodiment.

FIG. 7 is a block diagram showing another constitutional
example of the SNR improvement circuit according to the
second embodiment.

FIG. 8is a block diagram showing a constitutional example
of'an SNR improvement circuit according to a third embodi-
ment.

EMBODIMENT FOR CARRYING OUT THE
INVENTION

First Embodiment
Outline of Communication Device

FIG. 1 shows a block diagram giving an outline of a com-
munication device 1 according to a first embodiment.
Although a case will be exemplified here in which the com-
munication device 1 is a wireless communication device con-
forming to OFDM, this case is not restrictive.

The communication device 1 has at least a reception func-
tion. That is, the communication device 1 is a receive-only
device or a transmitting/receiving device. In the example of
FIG. 1, the communication device 1 has a synchronization
timing detection circuit (i.e., synchronization information
detection circuit) 2 which constitutes part of the reception
function, and the synchronization timing detection circuit 2
has a timing detection processing circuit (i.e., synchroniza-
tion information detection processing circuit) 3 and an SNR
improvement circuit 4.

The synchronization timing detection circuit 2 performs
predetermined processing on a reception signal, to detect as
synchronization information the timing for synchronization



US 9,178,686 B2

5

with a packet contained in the reception signal, and generates
and outputs a synchronization timing signal for providing the
detected timing. The synchronization timing signal is used for
a variety of processing (e.g., FFT (Fast Fourier Transform)
computing) on a received packet. It is to be noted that the
synchronization timing detection circuit 2 constitutes part of
aphysical layer (first layer) of a so-called OSI (Open System
Interconnection) reference model.

It is to be noted that detecting the timing for synchroniza-
tion with a received packet is none other than detecting a
packet out of a reception signal (i.e., catching a packet), and
the detection of the timing for synchronization and the detec-
tion of the packet are to be simultaneously performed.

A signal to be inputted into the synchronization timing
detection circuit 2 is a digital OFDM baseband signal. This
baseband signal is obtained for example by sequentially per-
forming, on an RF (Radio Frequency) signal received by an
antenna, frequency conversion to an IF (Intermediate Fre-
quency) signal, conversion to an analog baseband signal, and
A/D (Analog to Digital) conversion. The processing for gen-
erating a digital baseband signal from the received RF signal
is performed in another part (not shown) of the physical layer.

The foregoing original function of the synchronization
timing detection circuit 2 is realized by the timing detection
processing circuit 3 in the circuit 2. That is, the timing detec-
tion processing circuit 3 performs predetermined processing
on the reception signal (here, the digital OFDM baseband
signal), thereby to detect as synchronization information the
timing for synchronization with a packet contained in the
reception signal, and outputs the result of the detection. The
output of the timing detection processing circuit 3 becomes
the output of the synchronization timing detection circuit 2,
namely a synchronization timing signal.

The conventional synchronization timing detection circuit
is configured only of the timing detection processing circuit 3,
whereas the synchronization timing detection circuit 2
according to the present embodiment not only has the timing
detection processing circuit 3 but further has the SNR
improvement circuit 4.

The SNR improvement circuit 4 improves an SNR of a
signal inputted into the SNR improvement circuit 4 and out-
puts it. Especially, the SNR improvement circuit 4 is provided
at a stage prior to the timing detection processing circuit 3.
For this reason, a signal as an object to be processed in the
synchronization timing detection circuit 2 is improved in
terms of its SNR in the SNR improvement circuit 4, and then
inputted into the timing detection processing circuit 3.

Packet Configuration

FIG. 2 shows a schematic view of a configuration of a
packet that is received in the communication device 1. It is to
be noted that the packet configuration of FIG. 2 conforms to
IEEE802.15.4g. A packet 10 shown in FIG. 2 includes a
synchronization header 11, a PHY (physical layer) header 12
following the synchronization header 11, and a PHY payload
13 following the PHY header 12.

The synchronization header 11 includes four consecutive
short training fields (STFs) 14 and two long training fields
(LTFs) 15 following these STFs 14. The four STFs 14 have
the same contents, and the two LTFs 15 have the same con-
tents. A bit length corresponding to one OFDM symbol is
allocated to each of the STFs 14 and the LTFs 15.

The STF 14 has a configuration formed by repeating a
previously defined fixed pattern signal 16 with a predeter-

10

15

20

25

30

35

40

45

50

55

60

65

6

mined period z and a predetermined number of times (here,
ten times). That is, the STF 14 is a signal with periodicity
(periodic signal).

Further, the payload 13 includes a MAC (Media Access
Control) header 17, a MAC payload 18 following the MAC
header 17, and a MAC footer 19 following the MAC payload
18.

Example of Timing Detection Processing Circuit 3

FIG. 3 shows a constitutional example of the timing detec-
tion processing circuit 3. FIG. 3 also shows a constitutional
example of the SNR improvement circuit 4, and this will be
described later.

The timing detection processing circuit 3 has a correlation
computing unit 30 and a judgment unit 40 in the example of
FIG. 3.

The correlation computing unit 30 computes an autocorre-
lation of an input signal into the timing detection processing
circuit 3 (herein, an output of the SNR improvement circuit
4), and outputs a result of the computing, namely a correlation
function. In the example of FIG. 3, the correlation computing
unit 30 has a complex conjugation circuit 31, a delay circuit
32, a multiplication circuit 33, and a filter 34.

In the correlation computing unit 30, an input signal (here,
an output of the SNR improvement circuit 4) is inputted into
the complex conjugation circuit 31 and the delay circuit 32.
The complex conjugation circuit 31 generates a complex
conjugation signal of the input signal, and outputs it. The
delay circuit 32 delays the input signal by predetermined time
M, and outputs it. Although the delay time M can be set at a
value which is natural-number (but not larger than a total
number of fixed pattern signals 16 in the synchronization
header 11) times larger than the period z of the STF 14 (see
FIG. 2), M is generally set at a value which is several times
larger than 7 since, when the value of M becomes large, the
delay becomes large. Here, M=z. It is to be noted that a set
value for z is known, and has been given to the communica-
tion device 1. The output of the complex conjugation circuit
31 and the output of the delay circuit 32 are multiplied by the
multiplication circuit 33, and a result of the multiplication is
inputted into the filter 34. The filter 34 is so-called a moving
average computing circuit (a kind of LPF), which computes a
moving average of the input signal (i.e., output of the multi-
plication circuit 33) concerning a predetermined time width,
and outputs a result of the computing. The output of the filter
34 corresponds to an output of the correlation computing unit
30.

Here, the reception signal after the processing by the SNR
improvement circuit 4 is inputted into the correlation com-
puting unit 30, but the configuration of the packet 10 con-
tained in the reception signal is itself not changed by the SNR
improvement circuit 4. Hence by the processing in the corre-
lation computing unit 30, a signal is outputted which indicates
a strong correlation with the STF 14 having periodicity in the
packet 10.

The judgment unit 40 judges the timing for synchroniza-
tion with the received packet 10 from the correlation function
generated by the correlation computing unit 30. In the
example of FIG. 3, the judgment unit 40 has an absolute value
circuit 41, a comparative circuit 42, and a judgment circuit 43.

The absolute value circuit 41 generates a signal of an
amplitude absolute value of the output signal of the correla-
tion computing unit 30, or a value corresponding thereto. As
the absolute value circuit 41, for example, a square circuit for
squaring the input signal and outputting it can be used. The
comparative circuit 42 compares the output of the absolute
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value circuit 41 with a previously set threshold, and outputs a
result ofthe comparison. The judgment circuit 43 judges from
the result of the comparison by the comparative circuit 42
whether the output of the absolute value circuit 41 has a peak
exceeding the threshold. Such a peak corresponds to a peak in
the correlation function generated by the correlation comput-
ing unit 30, and is based on the presence of the STF 14 in the
packet 10. That is, the judgment circuit 43 judges the timing
for occurrence ofthe STF 14. The judgment circuit 43 outputs
a synchronization timing signal, thereby to inform the outside
of'the judgment circuit 43 of the timing for occurrence of the
STF 14.

As thus described, the exemplified timing detection pro-
cessing circuit 3 detects the synchronization header 11
through use of the periodicity of the STF 14, thereby to detect
the synchronization timing.

In addition, the configuration of the timing detection pro-
cessing circuit 3 is not restricted to this example, but it is
possible to adopt a variety of configurations where the timing
for synchronization with the received packet 10 is detectable
out of a reception signal.

Example of SNR Improvement Circuit 4

In the example of FIG. 3, the SNR improvement circuit 4
has a delay unit 50 and an adder 60.

The delay unit 50 delays a reception signal (here, a digital
OFDM baseband signal) as an input signal into the SNR
improvement circuit 4, to generate two delay signals. In the
example of FIG. 3, the delay unit 50 has a delay circuit 51 for
delaying the reception signal with delay time (i.e., Z) corre-
sponding to one period of the STF 14 (see FIG. 2), and a delay
circuit 52 for delaying the reception signal with delay time
(i.e., 2xz) corresponding to two periods of the STF 14.

The adder 60 adds the two delay signals outputted from the
delay unit 50 and the reception signal (i.e., input signal before
being delayed). The adder 60 can be configured by an adder
circuit. A result of the addition by the adder 60 becomes an
output of the SNR improvement circuit 4, which is inputted
into the timing detection processing circuit 3.

An operation principle of the SNR improvement circuit 4
will be described. First, two signals Y,, Y, are defined by the
following equations (1) and (2).

¥, =S+N, (1)

Y5=5+N, 2)

S is a signal component and N is a white noise component
in the equations (1) and (2). An added signal (synthesized
signal) Y of the signals Y, Y, is expressed by the following
equation (3).

Y=Y,+Y,=25+N, +N, 3)

Further, when an SNR of each of the signals Y,, Y, before
addition is an SNR ... SNR_, . is given by the following
equation (4). It is to be noted that “E” represents average
computing, and it is a notation generally used at the time of

calculating power of noise.

§? (C]

SNRsingte = I

Further, in view of the following equations (5) and (6)
concerning properties of the white noise, SNR,,,.. as an SNR

mrc

of the added signal Y is given by the following equation (7).
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N =N, 5)
E[N?] = E[N}] = E(N?) ©)
(25) @
SNRypye =
E[(Ny + N2)*]

452

E[NP] + E[2N{N,] + E[N3]
RS — s?

T 2E(N?2) T TE(N?)

= 2SNRgingte

Concerning the equation (7), it is to be noted that, the
following equation (8) is held since white noise components
N, N, are uncorrelated and the following equation (9) is held
since the signal component S and the white noise component
N are uncorrelated.

E[2N,N, 10 ®

E[SN]=0 ©)

A gain of the SNR is expressed by the following equation
(10) from the equations (4) and (7).

SN Ry
SNRiingte

10

1010g10( ] =10log,(2) =3 dB

Here, it was assumed that in the equation (1), the signals
Y,, Y, have the same signal component S. Such a signal
component S, for example, corresponds to a portion of the
STF 14 in the input signal into the SNR improvement circuit
4 and a portion of the STF 14 in the output signal of the delay
circuit 51. That is, although there is displacement of delay
time z between the input signal into the SNR improvement
circuit 4 and the output signal of the delay circuit 51, both
signals have the same signal component in the portion of the
STF 14.

For this reason, when the above two signals are added,
amplitude of the signal component S becomes twice larger
(see equation (3)), and power thereof becomes four times
larger. On the other hand, since the noise component is ran-
dom and uncorrelated, amplitude of the signal after addition
does not becomes twice larger (see equation (3)), and power
thereof becomes twice larger. For this reason, the SNR can be
improved by 3 dB (see equation (10)).

From a similar viewpoint, in the case of further adding the
output signal from the delay circuit 52, the power of the signal
component becomes nine times larger and the power of the
noise component becomes three times larger, whereby the
gain of the SNR becomes 4.8 dB. See the following equation

1.

an

Ronre

SN
1010g10( ]: 10log,(3) = 4.8 dB

SNRingle

That is, by the SNR improvement circuit 4, the reception
signal with the improved SNR can be provided to the timing
detection processing circuit 3.

Here, FIG. 4 exemplifies an output signal waveform of the
correlation computing unit 30 (or the absolute value circuit
41) in the case of the SNR improvement circuit 4 being not
present, and FIG. 5 exemplifies an output signal waveform of
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the correlation computing unit 30 (or the absolute value cir-
cuit 41) in the case of the SNR improvement circuit 4 being
provided. In FIGS. 4 and 5, a horizontal axis indicates time
and a vertical axis indicates a signal level, namely a correla-
tion level. It should be noted that, if reduction scales of the
vertical axes in FIGS. 4 and 5 are made uniform, the wave-
form of FIG. 4 will become small, and hence F1G. 4 shows the
waveform enlarged in the direction of the vertical axis.

When the SNR improvement circuit 4 is not present, as
seen from FIG. 4, a large number of fine peaks occur. As
opposed to this, when the SNR improvement circuit 4 is
present, as seen from FIG. 5, peaks have become obvious as
compared with the waveform of FIG. 4. For this reason, in the
case of performing peak detection by, for example, means of
comparison with a predetermined threshold, the detection
accuracy can be improved by adoption of the SNR improve-
ment circuit 4.

As thus described, by the SNR improvement circuit 4, the
STF 14 as the periodic signal is amplified in the output signal
from the adder 60 as compared with in the original input
signal. On the other hand, since noises contained in the input
signal are random and phases thereof are not uniformed,
amplitudes of the noises are not uniformly amplified. Hence
it is possible to improve the SNR of'the STF 14. Furthermore,
since the SNR improvement effect can be obtained by such
simple processing as delaying and addition, it is possible to
provide the SNR improvement circuit 4 at low cost.

In the above-exemplified SNR improvement circuit 4, the
delay unit 50 generates two delay signals. As opposed to this,
the number of delay signals generated by the delay unit 50 can
be made one or can be made three or more. At this time, the
larger the number of delay signals is, the larger the SNR
improvement effect becomes, but it is possible to obtain an
SNR improvement effect which strikes a balance with the
delay through use ofthe above-exemplified two delay signals.
Further, with two delay signals, the configuration of the delay
unit 50 can be simplified.

Here, the SNR improvement effect can be obtained by the
delay unit 50 generating one or more delay signals with delay
time which is o times longer than the period z of the STF 14.
It is to be noted that o is a natural number, and in the case of
generating two or more delay signals, different values are set
with respect to the respective delay signals. Moreover, an
upper limit of a is set at a value not larger than a total number
of fixed pattern signals 16 in the synchronization header 11.

Further, according to the synchronization timing detection
circuit 2 provided with the SNR improvement circuit 4, the
timing detection processing circuit 3 performs detection of
the timing for the STF 14 on the output of the SNR improve-
ment circuit 4, and thus it is possible to obtain high detection
accuracy.

Moreover, with such a synchronization timing detection
circuit 2 adopted into the communication device 1, it is pos-
sible to detect the synchronization header 11 with high detec-
tion accuracy. Hence a probability for detecting the packet out
of the reception signal, namely a packet catch rate, becomes
high. This can result in improvement in communication effi-
ciency.

Second Embodiment

Generally, a signal obtained by adding a certain signal and
a signal obtained by delaying the certain signal is similar to a
reception signal transmitted by a multipath. Hence a similar
effect to that of the multipath may be exerted on the output of
the SNR improvement circuit 4. For example, the effect of the
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multipath can be ignored when there is no or a small fre-
quency shift (i.e., frequency error), but deep fading may oth-
erwise occur.

Moreover, at the time of down-converting the received RF
signal to a baseband signal, a frequency shift occurs. Such a
frequency shift may cause occurrence of fading in the signal
after the addition. When the frequency shift is represented as
Af and the input signal into the SNR improvement circuit 4 is
represented as s(n)e™”, an output signal y(n) of the SNR
improvement circuit 4 is expressed by the following equation
(12). Itis to be noted that the noise component is ignored here
for the sake of simplifying a description.

(12)

() = (T 1 (1 — ) TEI0D L (7 — 27)f2B0-22)
= S(EZBR(] 4 g AL | g HTAS)
—i2rA 2,
:S(n)eihmjh(e—nymfz PPN (g7 4 T fz))
2
= s(n)e 2R (g 4 0 p 2R e 05(27A f)

= s(m)e2™I=(1 4 deos(2rA fz))

As seen from the equation (12), the frequency shift causes
occurrence of fading by a component of (142 cos(27wAfz))
other than phase rotation. For example, when cos(2mAfz)=—
0.5, an added signal y(n)=0.

Inthe second embodiment, a configuration capable of alle-
viating such fading will be described.

FIG. 6 exemplifies an SNR improvement circuit 4B
according to the second embodiment. The SNR improvement
circuit 4B has a configuration of the above SNR improvement
circuit4 (see FI1G. 3) added with an amplitude adjustment unit
70 for adjusting amplitude of a signal to be inputted into the
adder 60. In the example of FIG. 6, the amplitude adjustment
unit 70 has a multiplication circuit 71 for making amplitude of
an input signal into the SNR improvement circuit 4B (i.e.,
original signal not having been delayed) (3, times larger, a
multiplication circuit 72 for making amplitude of the output
signal of the delay circuit 51 §, times larger, and a multipli-
cation circuit 73 for making amplitude of the output signal of
the delay circuit 52 3, times larger. It should be noted that
multiplication coefficients §,, B,, f, are positive numbers,
and each of them is previously set. In the SNR improvement
circuit 4B, signals with amplitudes thereof adjusted by the
multiplication circuits 71 to 73 are added in the adder 60.

An operation of the SNR improvement circuit 4B is
explained by the following equation (13).
} (13)

As seen from the equation (13), by adjusting the coeffi-
cients By, B, Po» a value of fu+f, e X4 f,e " *™) can be
made two or more whatever value e ™ becomes. For
example, in the case of §,=1, ;=4 and $,=1, the equation
(13) becomes the following equation (14).

¥(1) = Pos(m)e™ P + By s(n — )P I+ Bys(n - 27)e™ 20

= SEVDIB, + Bre P 4 By pAS7
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y(n) = s(n)enmf" +4s(n — z)enmf(”’” +s(r— Zz)enmf("’m } (n

= s(n)eZAI D4 4+ 2cos + (27Af))

In the equation (14), the minimum value which cos(2mtAfz)
can take is -1, and hence the minimum value of (4+2 cos
(2mAfz)) is 2. That is, power of the signal after the addition at
the minimum becomes four times larger than that of the input
signal. Hence it is possible to alleviate fading.

It is to be noted that the SNR improvement circuit 4B in the
case of By=1, p;=4, f,=1 is shown as an SNR improvement
circuit 4C in FIG. 7. In this SNR improvement circuit 4C, the
amplitude adjustment unit 70 is configured only of the mul-
tiplication circuit 72. Especially when the coefficient 3, is an
integer of the n-th power of 2, a shift circuit can be used in
place of the multiplication circuit. This also applies to the
coefficients By, p,.

As thus described, by setting the values of the coefficients
Bos Bys B, concerning amplitude adjustment such that fading
in a result of the addition in the adder 60 is alleviated more
than in the configuration not provided with the amplitude
adjustment unit 70, it is possible to prevent a decrease in SNR
due to fading when there is a frequency error. Furthermore,
since the SNR decrease preventive effect can be obtained by
such simple processing as amplitude adjustment, itis possible
to provide the SNR improvement circuits 4B, 4C at low cost.

As seen from the examples of the SNR improvement cir-
cuits 4B, 4C, the amplitudes of all the three signals to be
inputted into the adder 60 may be adjusted or, alternatively,
the amplitude of only some signal out of the three signals to be
inputted into the adder 60 may be adjusted. At this time, the
smaller the number of signals subjected to amplitude adjust-
ment, the more the configuration of the amplitude adjustment
unit 70 can be simplified. From such a viewpoint, the SNR
improvement circuit 4C which performs amplitude adjust-
ment only on one signal is preferable. Further, with 3,=4 set
in the SNR improvement circuit 4C, amplitude adjustment
can be performed not by multiplication but only by shift
computing, and hence it is possible to make the circuit scale
small.

Third Embodiment

In a third embodiment, another constitutional example of
the delay unit of the SNR improvement circuit will be
described. FIG. 8 exemplifies an SNR improvement circuit
4D according to the third embodiment. The SNR improve-
ment circuit 4D corresponds to the SNR improvement circuit
4B (see FIG. 6).

According to the example of FIG. 8, a delay unit 50D of the
SNR improvement circuit 4D has delay circuits 53, 54 where
the delay time is set at z. The delay circuits 53, 54 are con-
nected in series, an input signal into the SNR improvement
circuit 4D (i.e., reception signal) is inputted into the delay
circuit 53, and an output of the delay circuit 53 is inputted into
the delay circuit 54. According to such a configuration, the
delay circuit 53 at the preceding stage outputs a signal
obtained by delaying the reception signal with the delay time
z, and the delay circuit 54 at the subsequent stage outputs a
signal obtained by delaying the reception signal with delay
time 2xz.

The SNR improvement circuit 4D performs a similar
operation to the SNR improvement circuit 4B, to exert the
foregoing variety of effects.
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It is to be noted that in the SNR improvement circuit 4D, a
configuration where f,=f,=f,=1, namely a configuration
from which the amplitude adjustment unit 70 has been omit-
ted, operates in a similar manner to the SNR improvement
circuit 4 (see FIG. 3). Further, in the SNR improvement
circuit 4D, a configuration where $,=1, p,=4, p,=1 operates
in a similar manner to the SNR improvement circuit 4C (see
FIG. 7).

Modified Example

Although the cases have been exemplified where the SNR
improvement circuits 4, 4B to 4D are used for the communi-
cation device 1, applications of the SNR improvement cir-
cuits 4, 4B to 4D are not restricted thereto. Specifically, the
SNR improvement circuits 4, 4B to 4D are useful for a signal
containing a periodic signal in which the same signal is
repeated a predetermined number of times with a predeter-
mined period, not exclusively the communication packet 10.

Further, although the cases have been exemplified above
where the synchronization timing detection circuit 2 is used
for giving the timing for synchronization with the packet 10 in
the communication device 1, applications of the synchroni-
zation timing detection circuit 2 are not restricted thereto.

Moreover, the processing performed in the respective units
50, 50D, 60, 70 in the SNR improvement circuits 4, 4B to 4D
may be realized, for example, by software. More specifically,
the processing in the respective units 50, 50D, 60, 70 may be
written on the program and stored into the memory, and the
program may be executed by a processor (i.e., computer)

The foregoing program and processor may be mounted in
the SNR improvement circuit or, for example, in the case of
executing the program by means of a personal computer,
improvement in SNR can be simulated.

Moreover, the processing performed in the synchroniza-
tion timing detection circuit 2 can also be realized, for
example, by software.

While the invention has been shown and described in
detail, the foregoing description is in all aspects illustrative
and not restrictive. It is therefore understood that numerous
modifications and variations can be devised without depart-
ing from the scope of the invention.

EXPLANATION OF REFERENCE NUMERALS

1 communication device

2 synchronization timing detection circuit (synchronization
information detection circuit)

3 timing detection processing circuit (synchronization infor-
mation detection processing circuit)

4, 4B to 4D SNR improvement circuit

10 packet

11 synchronization header

14 STF (periodic signal)

16 fixed pattern signal

50, 50D delay unit

51 to 54 delay circuit

60 adder

70 amplitude adjustment unit

z period

The invention claimed is:
1. A Signal to Noise Ratio (SNR) improvement circuit for
improving an SNR of an input signal, the circuit comprising:
a delay unit for delaying said input signal to generate one or
more delay signals;
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an adder for adding said one or more delay signals and said

input signal before being delayed, wherein:

said input signal contains a periodic signal in which a
same signal is repeated a predetermined number of
times with a predetermined period,

said delay unit generates said one or more delay signals
with delay time which is o times longer than said
predetermined period, and

the o is a natural number, and is set at different values
with respect to two or more delay signals; and

an amplitude adjustment unit for making amplitude of at

least one signal out of said input signal before being

delayed and said one or more delay signals § times

larger, wherein:

the f is a positive number, and is set at respective values
with respect to a plurality of signals,

said adder performs addition on said at least one signal
by use of said signal after the amplitude thereof has
been made [ times larger in said amplitude adjust-
ment unit, and

said [ is set at a value which alleviates fading in a result
of the addition in said adder as compared with a con-
figuration not comprising said amplitude adjustment
unit.

2. The SNR improvement circuit according to claim 1,
wherein said one or more delay signals are a delay signal of
said a=1 and a delay signal of said a=2.

3. The SNR improvement circuit according to claim 2,
wherein

said at least one signal processed in said amplitude adjust-

ment unit is said delay signal of said =1, and

said =4 is set with respect to said delay signal of said a=1.

4. A synchronization information detection circuit, com-
prising:

the SNR improvement circuit according to claim 1; and

a synchronization information detection processing circuit

which performs processing for detecting synchroniza-
tion information on said input signal from a result of
addition by said adder of said SNR improvement circuit.

5. A communication device for performing communica-
tion by use of a packet having in a synchronization header a
periodic signal in which a same signal is repeated a predeter-
mined number of times with a predetermined period, the
device comprising:

said synchronization information detection circuit accord-

ing to claim 4, wherein

said SNR improvement circuit inside said synchronization

information detection circuit operates on a reception
signal containing said packet as said input signal, and
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said synchronization information detection processing cir-
cuit inside said synchronization information detection
circuit performs detection processing for said synchro-
nization information on an output signal from said SNR
improvement circuit, to output a synchronization timing
signal of said packet in synchronization with a timing for
detection of said synchronization information.
6. A Signal to Noise Ratio (SNR) improvement method for
improving an SNR of an input signal, the method comprising:
delay processing for delaying said input signal to generate
one or more delay signals;
addition processing for adding said one or more delay
signals and said input signal before being delayed,
wherein:
said input signal contains a periodic signal in which a
same signal is repeated a predetermined number of
times with a predetermined period,
in said delay processing, said one or more delay signals
are generated with delay time which is o times longer
than said predetermined period, and
the o is a natural number, and is set at different values
with respect to two or more delay signals; and
amplitude adjustment processing for making amplitude of
at least one signal out of said input signal before being
delayed and said one or more delay signals  times
larger, wherein:
the p is a positive number, and is set at respective values
with respect to a plurality of signals,
in said addition processing, addition is performed on
said at least one signal by use of said signal after the
amplitude thereofhas been made f§ times larger in said
amplitude adjustment processing, and
said [ is set at a value which alleviates fading in a result
of addition in said addition processing as compared
with the case of not performing said amplitude adjust-
ment processing.
7. A synchronization information detection method, com-
prising:
each processing in the SNR improvement method accord-
ing to claim 6; and
synchronization information detection processing which
performs processing for detecting synchronization
information on said input signal from a result of addition
by said addition processing of said SNR improvement
method.



